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(57) [£**)] 

lift] • ^7 WU • ^a-trs/iJ-cop — KJjfc 

la^u t[o], ttn] -e*-*-***^ ccogs^ga 

WO*»W*»*fcO*fffiH««rl/£Jt-f fe-TH» rem 

ap() SrRtfSo /U— ^I^^HKjB U v>^^— coftAc^ 
ff»C^ttfi»U'^^{c remap 0 £rf^ffi £ ;i <>; 
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t-& — ixi 

: \ - * 

So 



1 

[fS#*fti] TU<r>^v-y^ (a) - (d) -ft 
(a) y^^uy7A«rfil53y/^7l:tt»t 

(d) TlBcO^^i/^ (dl) — (d3) fC£9, SttlB 

(d 1) *ftAXtC*j-jSLT remap 0 IS^^ffi*^ 
& :reraap() BB»(*a3fififfi * fr/* 7 * t L 

(d 2) ^TCO remap () IH»«r»W* — * fffl*« 

(d 3) mi <&*fc«(gffl ■ ^U-^ ^ h^S2(^) 

KlttttW*— ttA*BH*Si*^m 1 1^** 
[»**3] mia remap 0 HftlilfcMUS* l"^* * ■ 

J: ir$r^t»i:-r5ff^xi2lB^o^j®{t:^ 

[w#gs4] mu^v* y-r u> ^tib^x y-r (d 
4) ^ (ds) ^^-r^^t^mt-r^^m-m^^m 

(d 4) m.w<nx-4 v Tx&&&*km-r& ; 

(d5> miB»»*— «A*raast"o#B«sr, raciE 

tz*mm^<Dm^tf%im&m<DT** teases 

• y^f^<D 1 o^r^l^L., 



(2) »9I¥5 - 1 9 7 5 6 3 

mU*"ry7 (d) ti\ ^BB^S*^— > h*t« 

y^t?B#**., *-&tf>#fc>0 
6 * 7- y ~? ^ £ £4#t& £ -T 6 If 3*3! 4 IE® 

[I«#IR6] mUX^y? (d) ISTfB^T 1 (d 

70 (d6) yP^7A^^^5^T'0 2O0#.BSii-H 
T^^-y cp(7>|^— (Oa-Sr— v/g XcBBiS-rSA\ 

[!t^7] HUfE^xy:/ (d) ^Tiaco^T 1 y~f (d 

7) - (dii) ££tpr **r»«*i-s»#*B6E* 

(d 7) :E«fls£*Lfc»1» aj + b (D2-D<Dm^^m 
20 aiJ + bi, a 2 J + b2<Z>A* SrSWAiX* : a 

£ b ttyu-^sSE««:T?«> t) , j iiv7hr>xr . 

(d 8) ai - a2 = 0 bi - b 2 = 0 sHg^S: 7^ 

hU J t5 v C*>5»#^ttlHHH2o(75#Htt — SbT« 

(d 9) ai - a 2 = 0 ^^O bx - b 2 # 0 A^S^fi ai 

- a 2 = 0 5$>o bi -b 2 « ai - a 2 T^iJ^^Otl^^ 

ai - a 2 = 0 £>0 bi - b 2 f3 ai~ a 2 T 

J(7 S'J 0 «J*t*»0 (ai - a2) (bi - b 2 ) J OM^ISH^- 

( d 1 0 ) yu— '7 P 4 3 X i J 3&4-=£-(^flt4: 1 HJ L*** b ft^^ 

(d 1 1) ai - a 2 U 0, J^O bi - b 2 3& ? ai - a 2 
Wf9«0tt, (bi -b 2 )/(ai - a 2 ) ^ J cDflScoffiffi 

[»5tt«8 ] ^n-fes/f-^, J: 9'>^#RB£fT5 J; 5 

• ^ s' -/aid 1 o 4*«t Sit i: 1 1 

5^ [»3}t«l 0 ] HtjfS^ y^T • ^ 2/7 p /Hi*<C< nio 



3 

im^mi 1] TISO (a) ftl/NU (c) ^gmr/^s 

(b) T^-^hifei:**^!; * — ^^r^^y * 
* ; 

remap 0 tCJGS# U ^HE^tfe remap () IS £JLWf{C |*ffir 
<£o r T ^ -fe;*T*£ fc t> (7>$rm 2 O^ffj^^o T7 p -fe 

l»*JRl 5] mt£*T?y (a) «a» 
*JBi 4SBtt<73*iS{t:;#ifc 0 

I»*3gl 71 &LTW?xf-i/jr (b) - (£) 

(b) mmitmm aj + b -c»Lfct# ai j + bi, a 2 j 

+ b 2 20(DAM?#i^iW(t^ : r. r. T* 

a t b la^-^xsjft^fc!? , j-uy7h*xr 

(c) (ai - a 2 = 0) £>o (bi - b 2 = 0) 5 

£ r— LT«#H«Jc*>5j its ; 

(d) ((ai - a 2 = 0) £>o (bi - b 2 U 0)) 



(3) WN§¥5 - 1 9 7 5 6 3 

4 

((ai - a 2 J* 0) d»o ((bi - b 2 ) (ai - a 2 ) fi •? 
$Jft5) ifcfcJS ((ai - a 2 # 0) ((bi - b 2 ) ^ 

(ai - a 2 ) TfflUatift^) £>o ((bi - b 2 )(ai - a 2 ) 

( f ) ((ai - a 2 ft 0) TinO ((bi - b 2 ) tf* (ai - a 2 ) 
^S'JGfflftS) iJ^ ((bi - b 2 )(ai - a 2 ) J <7>ffiW 
ffiSffirttc&S) a>o (J d«^:<Dffl[S:««:IBl5tS) Critic 

[fffsRJi l 9 1 *M6(K3B ^ - xi/^y h co^^ « 

30 [ 0 0 0 1 1 
[ 0 0 0 2 1 

40 it, /Pt ^tMlT 1 OCD^J^^ h V —J±b 10(7) 

■fey INS, ^.-^^m-^-^ (SISD) ^n-fe^^ 

ftStttoT, S I S D7- ^^^^-vfSSH/^AaS^^ 
y h 4rl*t 5 r ©B8 1 4oT S fc, #<co=r 



5 

[0 0 0 3 ] A. U-^/U • 7 - yntyf 

7 WI/ (instructionLevel Parallel, I LP) ~f p ir 
5>*i LT£abiXT^6 0 I L P ^nlr y 1M£*5I/*T 

14, fl*(OjoJ|[ (add), 31ft (multiply), p— K (loa 
d) 4fcl4;*f*7' (store) |&f£<£> X b » -fe S> 

[0 0 0 4 ] I LP^n-fes/^Sr^l^Sir^.-ft*^^^ 
j&I?3fl 4 fc<, — ^14:/* ^7 A<o=rwW yp^ic 

»f^(4afc^Ufc*fi l -t-5C ) t^ fc e#5o I LP^nirj/i^ 
£>»tfs**jfiffc-#-3 l oco^&(4, ISff«Pjfc3e(4^< * 

^£rfN5r i:T^5o ro=wW^I4. ^t^^^ 

^-y ^Au^^fc 0 *£^>t, ^D-t^^- 

(4*ffP*{cl4=i— KC0JBrt=«JS (re-ordering) £rt££ 
[0 0 0 5 ] B. v^— ^ ;7 p — • ^at^t 

J. B. DennisCO'First Version of a Data Flow Proced 
ure Language", Proceedings of Programming Sumposiu 
m, Paris, 1974 (Lecture Notes in ComputerScience 1 
9(Springer-Verlag, Berlin, 1974d)iC??®) 
K. R. Traub C0*A compiler for the MIT Tagged-Token 

Dataflow Architecture*, Technical Report MIT/LCS/ 
TR-370 (MIT Laboratory for Computer Science, Cambr 
idge, Mass. , August, 1986) 

[0006] C. ^^H/u-^ulrsrf- 

V := ++1 ; 

14, KT^JSiHa- K • yu- ^i^Wffir-fcS : 



(4) 4#BB¥5 - 1 9 7 5 6 3 

e 

for Index := 1 to h/Hi: do V [Index] := ++1 

^ h/u^r- K<7>^i®fbl4g£^Jom^(^p#,ffl^^$:^S 
U **xfeo#HP,SrJK-&L/jjtfixJitt fettle ^ 

. 3 WW 7©tt*a*{-H-r«*i:««)(4, H. Zima & 
70 U 1 B. Chapman <£> *Supercompilersfor Parallel and V 
ector Computers" (ACM Press, Association for Compu 
ting Machinery, New York, 1990) K.fH$J $ ti-T^So 
[ 0 0 0 7 ] jS&fc - £tCJ4, ^fcOtfc*ttfl5<Z>'<^ 

16 (A— y^Sflfe^^SE (loop interchange and distr 

ibution) o i 5 <c) ^p^7A2»^i»^d«»ibixr 

^to 0!l:Ll;f* — K * ~f V. y $ 1 AC0FORTRAN 
3— K • yu— :/J4 B(I-l) GOTUgftD — K«r ffoTl^ 

DO 10 I = 2, 50 
A(I) = B(I) 4 B(I-l) 
10 CONTINUE 

h/U • ^w*-f^t4. s<$ B Wgi(7)20(7) 

I L P^uir y^\tX D S&^s« t <t5 0 
0=» — K-^oy^lB 

T = B(l) 

DO 10 I = 2, 50 

S = B(I) 

A(I) = S 4 T 

T = S 

10 CONTINUE 

40 [0 0 0 8] n-K.^aj/^lB^ftf Lfci^lC 
J4, I LProtyftt4#li: 5#g(D^7 1 — V 

-^SttlcoS d - K»tt^ l o*i < * 5 ©t?, ttlB 
[0 0 0 9] D. ^*S^(7>^^ 
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ttT1/^tet^tt0igL«J»7i3-) £*So:/p ^7 ^£8? 
[OOlOl I LPyotj/tSt/^y/^^ij:, ^ 
£ h * a— K • >^n y ^j&»fc*<o 

SfeJU { c S -5 r i: ( c J: o T J* # 7 tt t& £ Mc S i" S . 
0tJX.lL I LP2^>f7ll AbF^IM^/u — >^ - U"< 

[0011] fltll «#B8«»«ftt, 3- K s/ 
DO 10 I = 1, N 

x(i+k) = . . . [^hr] 

10 CONTINUE 



DO 20 I = 1, N 

. . . = X(I+L) [a — K] 

20 CONTINUE 

DO 30 I = 1, N 

10 . . . = X(I-K) [n — K] 



20 X(I) = . . . [X h7] 
30 CONTINUE 
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S 

[0 0 12] — K ' ~? & y $ 2 B WD - 

^F7$r3y/q;L,t$^^, a - KSM£i: * h Tj*fls 

#S*#ffB8«fc:*>5 A> if 0 if 5 T*t> J: »f^HI 
[0 0 13] L,j&>Ufc#k, *»W*fife#fl»«-Cfc, I 

[ 0 0 1 4 ] 0tJ£.If . n-K'^ns/^2B|C*3^T, 
h^V h20 (7}JX h Ti^r- h^MOOn 

DO 30 <7>/W— ^0#Bf^»l9igLJC*5«tS 
ff 1 OCOu - »&3gU<Z>lHlJSj&S K tHjmrcOfr2 0 

^ k > 1 ~C£>6 £ ^ 5 ^ t> SEW "t^ti, 

[0015] gfc&Jfc^ tlZft % I L PT- 

^ (Intermediate Representation, I R) £L~C£ofb 

!EH, «af^=>WM7«?ft^I»l: 
[0016] 

^^co^^^Y^^t/^-^x^^W'if (optimi 
zer) X-n, ILPT'ntytl^otftWIPWft 
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S I LP^yAVyflf^^m^r- 
[0 0 1 7 J ^ <F>£. 5ttRtr#tt* 

[0 0 18] ifc, ^SEtO^r^/^^ TtCj: 0 ±J5fc£n5 

[0 0 19] *fc, ynt ^ihSiU 5 ^ V^V 9<ORtt-# 

[0 0 2 0 ] ^ 7 n— - ^-yvHS I LP^ >v*Y 9 
fctffc, -x — ^ ^ i ri^ ^^Oi^TKm-Bf&^.o ^ 
- • ^^Sr»5 «t 5«di£«L^ttixtt<C(b^t\ Hie, 

Sr»*t5 i l P&Mikjrm&^mT-tbZ o t ^ o n £ 

[0 0 2 1] v^-r 7^ -yen? ^ifco^ff# 

13, yi-- ^ 4r ^ Ay ^ffi «t7> ^ o — ^^^co#*T-e^^ 

[0 0 2 2 ] 

[**] ^or, i Lpypt^tfflony 

'<-<7*Rn»jg, (ir) ^SMfb-r^fc^o^Dirx, 
a ^ co y p * & m^-r z> ti <n^~ $ 
&h<Dx~foz> a *3893<z>:y J* • r '^-t 

* • y^ey 5fcy ^yiBtt^K^. <or^iz.*Xtf« 

gs^co r ^ ■* * £ m-r z> «^tf»«* 13^- * Msg 
ry y <Hcy-;* * y^(oiaiftm— f*A*Hi* 

S (dynamic single assignment intermediate represe 



(a) 4#|§85p5- 1 9 7 5 6 3 

10 

ntation) 3- 

(EVR) ±T* remap 0 BS#3&*Sli£*lT<^ 5. 
EVR^7^"^^#(tT remap 0 BSfcSrlWtiJ-** 

ofcEVRil/^y [n+1] £L 

■frf*. »W<C*«<^^ 5/^ - ^ j/^/U (map tuple) «t 

y • ^s^y/M*, -7"*.* (textual na 

^? me) ^^^•STfg^^y ^- y • o^—^a y^EVR 

[0 0 2 3 ] 

[ mmm ] « t«>*« m ^ mmm ^mtunm^^x 

^iJftlffitOlOl:, Addision-ffesley (Readin 
g, Mass.) Ciotl 9 8 smzmmtSfrtz A. Aho> 
R. Sethi t J. Ullman £=^CD "Compilers: Principle 
s. Techniques and Tools* t> , ^rCO/^fg^t^^^ 

40 [0 0 2 4 ] 3y/^ 7 oi)iBSa ( i r) 

(y ^y) 4—, ^fc^T"^^^ • ^ h 
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^ b Is — ^^^ICfBtS £ tltz. FORTRANyD^7s 

ia«i«A^Srfflt^T^ ^y q^cy-^ • -^n ^ 

6*)^.— ftA 't'lffl^Si (Dynamic Single Assignment Inte 
rmediate Representation, DSA I R) 1 2 £r£j$-t* 
£o 

[0 0 2 5 ] A. ft#i8«H¥*fXt/*— ftA 

I L P =r y 7M^PlOt^lJ^n ^7 A^l^jg^ 

#fr(C:fci^TI;iJ5)£PT i & £ , H. Zima t B. Chapm 

an &W<D "Supercorapilers for Parallel and Vector 
Computer" (ACM Press, New York) Icfft^ £ thX X 
5 ^& : %BlLffi. : &Mi& (instruction inter-dependen 
cy) (4, ftff>#H£gfl« (true dependency), K«*|8« 
(anti-dependency) ^.t/W^^fe^PlS^ (output depend 
ency) tC^i^S ^ £ 3 e IE L^jgSeOfcifrtclS 

[0 0 2 6 ] ^IJ^>v^ ^O^PflSfl ( I R) M£>^ 

— ftA (single assignment)] COJffjCSlS, L. Tesler £ 
H. Enea #£3f <7> *A Language Design for Concurrent 
Processes*, Proceedings AFIPS Sprint Joint Compute 
r Conference (1968) 4 0 3—4 0 8 — £ fl 

±ic^ifflLfc a. Aho m<Dtm& 

f-H^*ttrt^5fla###lt#j|« (value numbering pr 
ocedure) ^ T M~ ^1*3 — K • 7 n ^ T"^ 

[0027] att*»5Fic*5t>rtt«*nwj: 5 tc, 
^Y7l4, ffcA»fM* I RtcAtibix^Stcy y 4(c 

I Rl:*5Pt«, 4HK3B 

i^^^^tt^o^^A^-eftA^feaztcibj: sat 

ttm^^o Lj&»Lfc3&*k, r co J: 9 
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[0 0 2 8] B. gjftm-RA 

ftA (DSA) tl:J:6t)Wt?*)5. 
[0 0 2 9] m 3 tC^-T J; 5 (C, ^ 7 8 X<D I R 

A (DSA) ^^gt, H4{CiBjHB^^-f I R*iafk*" 
^co^^5/>^6 2T'^5o I R^DSAjfeiaoTM 

atCRC<S3B^^^3a 5 *>S««<7>ftA^7 L --- M>h 

^{coi^Tt>*UT2lH]JeA±ffeA**i5wi:«*t\ ^ 

— ftA*Ctt, t>£o<D{£^u^;*^l3;*^ — > b<D 

te^co^ffi ^ l:»LrMttl:firiil ftA***?*? 

[0030] #3gwtc*5^Ttt, A^y-^ .7 ay? 

v?*^ (EVR) t^— ?mm. remap 0 H%, IfctMMft 
(7>^jy^ • ^ y^/uj: toS^^-y "^y^f, *:/fi^T 

ftA i r 1 2 fc:8E*i*n5. zLfrhtoy—fr 

\Xs SI3CO^^y^6 6, 6 7^t^6 8 Zntf-r Z>tzV> 

[0 0 3 1 ] i2 (A) tC^-r^^^, EVRf-^f 

l/v>^^-xi/^yh 3 8, 4 0, 4 2 GO^ft^ J; ^ t£ 
19, WJ«3 0, -r^^fe remap () ii-tflDlfg 
^ l^Tt^c remap 0 ^^cOPf — CO^^y ^ — ^ tt E V 
R<D&mX&>Z> 0 EVRfC t b^l£W]&tf^X^tl 
(i, E VRt^xl/^ > Hi t[n] 7?r KU^^f^b, K 

#:T-^^ 0 " r-te. >• h t[0] A« 

t i:t>l*tfttSo remap(t) M*SrP*U«fcHi- £ , remap 

(t) »ff<^m(ct[n] urr^-fr^-5r«B&3:^> > h 

t[n+l] LTT^-fc**Tffi£fc5 0 ^-<yu 

[0 0 3 2] URL remapO 
0lo^xi/^y h ££U<7>:3L i/^y hi?)EV R^fe$:ffil^ 
rr J: 5 ic-rs. evr t ^<nm$k<om 

Mi^tittT^DffliZ remap(t) &mft£th&t * t fCftA 
^iXytfflEoMli t[l] fCAoT^o^ 4S^tT^tl6 

i:#^ftAtt»Ja>a:^^ > h t[o] ic^urfT^n^o 
12 (B) W:, :oif^^, iR3-K'tWvh5 
0^:, #BB##5 2^#tt ioixf-^u^ > h t [0] 

, 54Wxi//yh t[l] OF^^^:^g-r 

5(? tX^ lti/^ 0 ^-^-r-r ^-r^^^^ [t=2] 



(8) 
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mm-t&t, fit [2] &^u-;*>h t[0] \zx hT-T55C 
^^-^r>r^-Yif I Rffi*fcttJ0£ixS. remap 
(t) HSfeA* I RHiAtCf+jDStLS. remap () BMfctt* 5c 
H15 3"C*-#-«fc t[o] <£>f*i^£ t[i] 

•£5o [t=6] M«fcoTffi [6] a* t[0] \zx 

bTZthZc, ^vy^M. . -r** h±«t, *£J£a* t[0] 

:* h 7f5 ^iUot^ ft A/i^/u^fc 

[0 0 3 3 ] remap () M»I3, 3 (7>^p y ^ 6 4 (C^ 

MICDSA I R 1 2 ft^JP Jtl5 a I R^T'CT)^ 
ftAcDftJlC 1 0(Z> remap () * — h ;* V h J^ffiJD £ ix 
<5 o 

[0 0 3 4 ] EVRXU* remap () IB»*«fflLr, y 

[ 0 0 3 5 ] 3-K'^d^3AI1 FORTRAN 20 
«litcj:5ffl»ft^— /^.Tto ^Ji:LT, 

[0036] 3-K-^b^3BI1, ^fy^72t- 
f&»£;lxS ^— K • ~fxi ^^3 A^yu— -yicSJ-JES-rSaS 
#C#J I RT'fc5 e 

[0037] ^F'^n^3Cli a-K'^Py 
^ 3Aiti<^fs'^7 4 com— «A I RT-*5. 

[0 0 3 8 ] =i— K ■ >^p 3 Of*, ^f^76C 
/U— 7 P ^:^^|C0^-'ftA<7>tfltC remap () ^ 

3 Boi^^c^ i R{cot^rojEa»»wm— +tA I R^&> 

[0039] 3-F v '^n^3 E J3\ :£T<D remap () 
[0 0 4 0 ] 3"K-^D^3Ftt, ^tf— Sfifb£r 
[0 0 4 1 ] 



WBB¥5- 1 9 7 5 6 3 
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(FORTRAN^ I R) 

% too = o f toi = 1 

% t02 = 5. t03 = 50 
K = 0 sO t04 = copy(tOO) 

J = 0 si t05 = copy(tOl) 

DO 10 1=1, 50 s2 t06 = copy(tOl) 

L = J s3 t07 = copy(t05) 

J = J + X s4 t05 = iadd(t05, t04) 

K = L s5 t04 = copy(t07) 

10 CONTINUE 36 t06 = Iadd(t06, tOl) 

s7 t08 = Ile(t06.t03) 
s8 brt(t08,s03) 
K = J + 5 s9 t09 = iadd(t5,t2) 

n-H ^d«/?3C 

($mw-K\ I R) 
% too = 0, toi = 1 

% t02 = 5, t03 = 50 

K = 0 sO t04 = copy(tOO) 

J = 1 si t05 = copy(tOl) 

DO 10 i=l, 50 s2 t06 = copy(tOl) 

slO tlO = 0 (t04, tl4) 

all til = 0 (t05, tl3) 

sl2 tl2 = 0 (106, tl5) 

L = J s3 t07 = copy(tll) 

J = J + K s4 tl3 = iadd(tll, tlO) 

K = L s5 tl4 = copy(t07) 

10 CONTINUE s6 tl5 = iadd(tl2, tOl) 

s7 t08 = ile(tl5 p t03) 
s8 brt(t08,sl0) 

K = J + 5 s9 t9 = Iadd(tl3,t02) 



(9) 



5-197563 



1=0 
J = 0 

DO 10 1=1, 50 

L = J 

J = J + K 

K = L 
10 CONTINUE 

K = I + 5 



K = 0 
J = 0 

DO 10 1=1. 50 



L = J 
J = J +K 
K = L 
10 CONTINUE 



K = J + 5 
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% to = 0, tl = 1 
% X2 = 5, t3 = 50 
sO t4 = copy(tO) 
si t5 = copy(tl) 
s2 t6 = copy(tl) 
slO remap (t 7) 
s3 t7 = copy(t5) 
sll remap (t 5) 
s4 t5 = iadd(t5[l],t4) 
s 12 remap (t 4) 
s5 t4 = copy(t7) 
sl3 remap (t 6) 
s6 t6 = iadd(t6[l],tl) 
sl4 remap (t 8) 
s7 t8 = ile(t6, t3) 
s8 brt(t8,sl0) 
s9 t9 = iadd(t5, t2) 

(remap ()<*>»»«) 
% tO = 0, tl = 1 
% t2 = 5, t3 = 50 

80 t4 = copy(tO) 

si t5 = copy(tl) 

s2 t6 = copy(tl) 

slO remap (17) 

sll remap (t 5) 

a 12 remap 04) 

sl3 remap (t 6) 

sl4 remap (t 8) 

s3 t7 = copy(t5[l]) 

s4 t5 = iadd(t5[l],t4[U) 

s5 t4 = copy(t7) 

s6 t6 = iadd(t6[lLtl) 

s7 t8 = ile(t6,t3) 

s8 brt (t8,sl0) 

s9 t9 = iadd(t5, t2) 
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% to = 0, tl = 1 
% t2 = 5, t3 = 50 
sO t4 = copy(tO) 
si t5 = copy(tl) 
s2 t6 = copy(tl) 
sll remap (t 5) 
sl3 remap (t 6) 

jo sl4 remap (t 8) 

s4 t5 = iadd(t5[l],t5[2]) 
s6 t6 = ladd<t6[l],t[l]) 
s7 t8 = Ue(t6,t3) 
s8 brt O8,sl0) 
s9 iadd(t5,t2) 

[0 0 4 2] MtonsfrcDWMfcXTyT'&^^Tte. 

^ 3 Any — ?. . zi— Koofr 5 C ^Toj&f^co 

20 tl ~ tio 0^-</U^#^-^tt/c{gSW^^^ 1 4 

K . ?a y ?CD "iadd" -A 4* J*, CPU(7)i»gIft 
£:^U "lie* ^^l^lE^M^JeiT^^d^it^-C 5 ^ 
5, "brt" rjf /jib J: (branch if tr 

ue)j <7)*frc*>5, 3 — K - ^/n 3 A<D/U — 7\Z 

0 — sl4 4rJB^3jfcSa**>£ 0 
[0 0 4 3 1 a— K • 3 B^jBftW'f'PflSatt 

04£ toe jc^fUTtt^n y ^ 3 A+^WtftA* 5 2ftff 
;bix5 0 l^^^^ t4 l^^x— h^^h sO JBlXI s5 "C 
A , t5 li^^— hp< V h si s 

4 *t?f*Aa***4x, t^v 5 ^^ t6 fjt^r-h^y h s2 

[0 0 4 4] mC{&&Ui/*?^<D&'&ftAn. ^TJ/ 
^7 4-Cf¥j«*ix5=«- K-^a^3 C<7>»Wi)i— ft 

[0 0 4 5] JRfc#H«*VK«ttAW:, iffc&fc-XT- 
y^7 6T-±fiJ?;^nS^— K ■ y ^ 3 D<DIE^D S 

SUi, sO frh s2 ^T'O^t^— <7>/Ei2GD t 

4, t5. t6 t4[l], t5[l], t6[l] ^0>#flH 

69 I RMtt, ffifflU-^^^— 0*ftAWffJ{C remap () 
50 «MM 5 #A£it3. > h s4 T* t5 *r«/H-r 
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SlBfc: t5 tC^j-TS remap () A*T-6^T% s4 

oo^^o t5 t5[l] 5 

Infill:, XT'— > h s6 t6[l] Srtt 5 J: 

13, t4, t5 RTJ t6 hOfeaHt:: 2 

[0046] flfcoT, $/ 7 8 (C^-T J: 5^, 

L<te, ^:Tco remap 0 »f^4r^— :/##<7>5fcSBfC» 

n^3EOI R^#5c t4 t5 tC^|~r-5 rema 

p() ^^v-— Mvh s4 &r/s3 comrtc®d--rc 
£0, t4[l] 2fctf t5[l] tc^^S. 

[0 0 4 7 ] S*(Z»fc^3 *f^«rBit>»< r 

— ASS^Sr^^y^Z 9 tc:*8^TfT 5 £ £ ^ 

— K • y ^ 3 El*, t7 frftK t5[l] t jf] Cffi«r=fiT 
U t4[l] #«{: t7[i] ^RCfia&^rU f&2r t7[l] 

ts[2] if^cM^^-rs^^pc^fc^g-r^ - 1 

SE*t5ii:^5 0 t7 Xtf t4 t5[l] XU< 

t5[2] T'««L;fc«tt\ 3^F.^n^3EO^r 

— h^^ h s3 &<J< s5 tt^y K • K-C*>«? , — 

— h ^ > h slO SO* sl2 liJF^gTfcSo = 
-r^D ^^3EO;^f - h s4 ^tU(7) 

» 9 i& U: HrSAPatOJBf****?^ 2 tslcolft & ig U:«| 

[0 0 4 8 ] C. SS^f+^BB^JK* (subscripted arra 
y variable) <DM$t 

Y ? 7 S*c#fB l^«tcBB?U#ISS:« 

^•^s c ^ (a o t tiitt s : i ^r^ s 6 iSi^ 
»{^*Ji^TliJ5*a<7>J: 5«c, x(i,j) <z> «£ 5 fcSByiJwf! 

H tBBWSI*^^!; - n>jr — ^Sr, #iJ*Ji 
X(I, J), X(I+1,J-1) *>&t^ti: X(L,M)«<Z>«t 5i-«-* 

*7K*i:f5rfcftftbftt\ I, L L, M coM^jg^Or* 
[0 0 4 9 ] H4^fy^ttoTB3W7y^6 
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i = i+i (D^5t(7>^©^x— h ^ > Kcoitittj^&s^ic 

X(I) ^fcS^l^S-tS-a^^Y^^ixW. X(I-l) 

>-hJ;9lttrco x(I) irl^C^^e-i; ■ p*-— >h v£jf 

[0 0 5 0]^L<ll HCBB*UK#^S£T<&#fS 
(vm^te, aj+b <fc«5Cfc?fc£,fc5l:, ^:ir^ny 

fc5o aj+b oje^jss^r-ii, j tt*^x#£Pftf*i 

[0 0 5 1 ] yu-^rtrtt:, J co J: s^as^aft^it 
fi4T J = J+Ki co»«t-#-Sn ^d«»*Li\ 

5» [0 0 5 2] *6^«-##So»#ttW«f 

*«Woia3?lJ*affc^ft^W:, ^d^^67 (H3) X 

[0 0 5 3 ] *-f, SUig^ffJbjftS (aliased) oTffitt 

9 4 ^-y^^nri^, 

[0 0 5 4 ] CCO^^T*!*, g] 5 u —^^f^ 

7 1 y>^9 i m&^t, 2ocoia^ij#Ba^f^cy - a 

5o ^co^JiS^H6 {cf¥tt^-r o 2 0(7^^^: aiJ + b 
l AX* a 2 J - b 2 ^^n^^^coi^ CMft{Z.tbtl&, m 
C**V - v-a >S:Ji^-rSfc«)tCtt, (ai - 

a 2 )J + (bi - b 2 ) J a**>5S*ffi3:&ofc£*fc: 
Otci^^/^itix^^^^^o ^co^^TMi:, 2owS 
^ f+*#HP, X(aiJ - bi) t X(a 2 J - b 2 ) *sraCdfi»co# 

6. r.*Uco^Tl3\ [U 6 7^2 0 4 -2 2 61: 

[0 0 5 5 ] 1. n/r— 3 5 

50 j/72 0 4, 2 0 6, 210, 2 12X1/2 141: 
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(1) (^7^2 0 4, 2 0 6) (ai - a 2 ) = 0 f:^ 

On - b 2 ) tf o tt^F«#T-*>a 0 &TI^ 

«) 

(2) (^X^^2 O 4, 2 1 0) (ai - a 2 ) # 0 T*&> t> 
(bi - b 2 ) f4 (ai -a 2 ) t?8'J!?«J*Lft^ 

(3) (^^^^2 0 4, 2 1 0, 2 1 4) (ai - a 2 ) # 
0 (bi - b 2 m (ai - a 2 ) T?» t>«Jjft,5#, (bi 

- b 2 )(ai - a 2 ) ft J 0>ffi#8^aKH#Mc*<5£IEW 

[0 0 5 6 ] 2. tt^HlSia^r— ^ 3 ^3fe#flg-f-5 
(ai - a 2 ) = 0 75>0 (bi - b 2 ) ^ ^2 0 4-2 0 

8) 2 0(7)#iii j (Dm^^Tb^h-rm^^^r 

[0 0 5 7 ] 3. ttfcigLHCo ^ — V*#H8-#-5 
(ai - a 2 ) tf 0 T- (bi - b 2 ) tf* (ai - a 2 ) X-#J «3 SO 
n, *»o (bi - .b 2 )(ai- a 2 ) & J <7>fltd*Sl5iBHrt^ 

J , ^7^2 0 4, 210, 214, 216, 22 

[0 0 5 8 ] 4. ifiaW^I^Un -{r — ^ a >€r#figi-5 
(ai - a 2 ) # 0 £>o (bi - b 2 ) & (ai - a 2 ) T^J 5 
*x£>o (bi - b 2 )(ai- a 2 ) ifi J cOffiiiliSJBHrtt-*? 
SfcHEWt! 8 **^ 2 o<^# fig a*|p] ■ u>r — v- 

3^{^Lt^^ii6ct^c/j;6 J coffin l o&»6 0 
LA>U Jfcxs/^ 1 4&U*2 1 8\zm-rX J 13 

[0 0 5 9 ] 5 . ^Ftffe^ 

^7^^2OOM2 0 2|:^ti:3(:, ^F?i^ 

[0060] ^^^co^fetc^Tte , z-ocot^y • 

Hg-fS) ^a-a-tt r«fc£j (^7^2 
24) 0 2. (WMIU Co ^r — vSr#B-T 

5) <^*§-£i2 ri^i:r^5j £jL&£*t£ (^^^^2 
2 6) 0 ^offeco^te r^c^^Uix^^j 

*t£ ^7^2 2 2) 0 5U^C0> ^E- LI - a — $x 3 > 
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[0 0 6 1 ] ^ 7 d — 

7"^7D-S|flt K • :/p y#m<D 

So I LP 3>'^-<^TW^i#:tt*#S8W*ai'ft:S:3&^ 

60 »*L<tt, rHO^s^l* <X(f(I)), y[n]> <Om 

ffif X(f(D) (aot7 Kl^TsrtB^fcS^!/ * 

t[n] ffcSSSfiS^^iS'^xi/^y hi^tiSLr 
^5 5 - b%7F-f» ^ y~? * # y~7M**=e V <PX* 

[ 0 0 6 2 ] HT\ S te^^tp^-f^XCO-? y~?}V& 
r^^U - D/r^-^a V X(f(I))<7)rtStt, T$tf£<r>t ^ 
5, »«t«EVRxl^^yh t[n] (CTsori^J <t 
5 J: 5 Ctt«4r^-T « £ 5 ^ ^ • # y~?)\s<n 

- • 7^^ y XAl: J; otft K i tTffit?*^ 
L*2*fe, ^7y/2 4 0tM R^f-h^>h^l^< 

[0063] 1. -7^^ s/^/K^#A&t^H'll» 
4 2 — 2 4 3) 
X(f(J)) ^B^^ifcttl^^^fcS-HTfigtt^fc 

^cfDCO^^r*, ■ ^ ^^/u (X(f(J)), t[n]) 

40 S a>kWi]Bfc-r£. p— Kftf^A* X(f(J)) Sr t[n] 

— K"T5*v fcStMi^ hr*f*j65 t[n] IrM-^ X(f 
(J)) ^h7tS7°p/7^^^M-e, 

y (f (J) ) , t [n])«r*& S (c^A-TSo 
[0 0 6 4 ] 2. • u ^ — v-3 X^^^^, 

3^ 9&y—* — K^^— h^^hSrl R 

^-Y ^3&s J = g(j) co^^o^-r — hp< > h lc*B-*-5 

<h U7^24 4) , ^7^2 4 6 (C^-f ^ 5 (C, 
M-*3^ J <nH»T?*>£^T0>-*' • ^ s/^/U <X(F 
^ (J))> t[n]> *«HiI»*Jx5. mm &L)i>m®&)T-jbK> 
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(admissible) (^rs/7 P 2 4 8) % ffif* 7 vx — M$T frft 
fciVC^a £ (^fy^2 4 9) , 9 y~ftv < 

X(f(g _1 (J)». t[n]> ^^tt*D£ix£ C*x^2 
5 0) 0 Mft g(.) (*, *ftasffifc*>oyu— ^Xfifc: 

(J+5) A^T— h^V h J = J+2 OflltCT^-fe* "Tig 

Tfcixlf, X(J+3) IS^rtf);*^ — > hotter ^i? 

^■HTffiTfc 5 , ^or x(j) rifF^-5jtgr-^$ 0 mm 
fc, M-Br s J = g(J) cojf^cD*^- b*>>h&M 

»T*I)^TW7^ • * y^yP <X(f(J)), t[n]> ifi 

nmzti* *ytH« g (. ) ^»s»"Cfcn«, -^y:/- 

9y-?>v <X(f(g(J»), t[n]> ^^I^WD^nSc 
[0 0 6 5 ] 3. ttffiffiffiU-^^^ • 311^7* > h<7>f?-A 

S remap(t) O^^CO^t 1 — h ^ > h £££x_T 
f^icfe^"^ ^y 1 5/^2 5 8 IC^-T «t 5 {C, R- 

t cO^u^V ht^5^T^)-7 * & y-ftv <X 
(F(J)), t[n]> ifi-vy? - 9 yT'fr <X(F(J)), t[n+l]> 

S A« remap (t) <DJ&^<V* — h * V h £££ 

> * 9 y7 k !V <X(f (J))> t[n]> 

2* <X(f(J)), t[n-l]> r*gS^tl5o 

[0 0 6 6 ] 4. ^$E*fE (meet operation) (^T 1 ^ 
7"2 6 0) 

i^r, ^n^co/^^^orfift6^$: Si (i = 

1, . .., n) mbO^^(7>'&8t^*:1b i 5 ^ 

^ Si <X(f(J)), ti> (Offi^to^ - # yT'fr 

&JbZM^{Z<7)^^ X(f(J)) **-r5^2y^- 

^^*>bSJML3feWJx«ft(b*t^ Hie, end^it 
^^v^-TS^TOA*^:/:/ • * y7'/u<o 

y wao mx tn, r[o] asw*^^^ • # y^/uco 

[0 0 6 7 ] CiftferoiftfE&jH^T, ^0/7^010 
T*2ooBfi?iJ»*<z>tfc«SrfT5 - J: 3K. ^ 

[0 0 6 8] ^<7>*"Sfe"Ctt, HJHirSttr^S 
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[0 0 6 9] ::-e, 7 n— *a5SSr*?< jg«^n-t^ 
tL*^o 1 = g(D o^^co^t^" v Hcaia-rs 

7^2 6 2t^yKr){li (windowing) Sfefe^J®^ 

[0070] ^Iti«^i:^$i[^^t5i^, -t 
[0 0 7 1 ] ±^coj: St-^^f^ K-)^lft6^<!:^ 

■mn&^&^yT' • ^ ^^^-g-^w fetus. ^(7>{m^ 

[0 0 7 2 ] Ztlfrff ±{Z.mm L,tz-"f—<? 

7*— HfffoIBi^ S $:^^0<7>E VR^T*r ^-fe;* *»rtB 

50 ^m^ttfcifeStf(cK^O^>E VRxi/^^ ^lUts: 
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^i^tc^ts^^y^s/^ <v, v> sr^r-r 

£5o -til 14, t<D*^V - >-Oi*]Sgl4gEfcQ 

[ 0 0 7 3 ] ft*/** hr*^S:»*-rSfci6^rt:, * 
hT£*5Cft m-^^it v *=B" 

[0 0 7 4 ] ^f-^y n— ftftfrte, _hi£co£ 5/ 

V ■ n ^r — v- a y^F*=l^^^(7>^(DEVRx l/;* > 

[ 0 0 7 5 ] Z.tl&ft(D%:&m<Dmmte. r^^u-vu 
M^T^^COfc^tfO-r — # 7 a— &U<#t^t££?#r (Data F 
low and Dependence Analysis for Instruction-Level 
Parallelism)! £ ^ 5*W«»:£tcEtt$nT^5o * 

[0 0 7 6 ] 
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[Hi] a >v*-f 7 £ ^Pir j/i^tD^p 2/ ^ H. 
[B2] tt3Sfi3Bl^^^^i:reinapB8««:«ffl-r5BlIi:. 

[19 3] *SS^t:*«fe(7>7n— h B 

[05] H3<z>7i3— h^SB^^s/^^toSfife 
ime] !3 07P-f t-f^^S^fiy/^/jJS^ 
[07] B3©7P-f + -hwa^fjx^i:ft5f 

2 : >^Pir 
4 : V 

6 : 7*^ ^ ^ • ^ h Is — i? 

8 : a W*"f 7 

1 0 : y — X • -fvlf^J* 

12 ; D S A I R 

1 4 ; iSffl 

3 6 : EVRr-^«l 

3 8, 4 0, 4 2: 1BM\sis7s& • xi/^y h 
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